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5 BACKGROUND OF THE INVENTION 

FIELD OF THE INVENTION 

The present invention relates to an adjustment method 
10 of characteristics of a multistage Mach-Zehnder 

interferometer type optical circuit , and to amultistage 
Mach-Zehnder interferometer type optical circuit whose 
characteristics are adjusted by the same method. 

15 DESCRIPTION OF THE RELATED ART 

As a means for transmitting large amounts of 
information, a WDM (Wavelength Division Multiplexing) 
communication system in an optical region is widely used . 

20 In the WDM communication system, a multistage 

Mach-Zehnder interferometer type optical circuit 
including symmetrical Mach-Zehnder interferometers or 
asymmetrical Mach-Zehnder interferometers, or both of 
them, connected in cascade is used as a device capable 

25 of implementing a characteristic variable wavelength 
filter, dispersion compensator, gain equalizer and the 
like . 
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To achieve desired characteristics in the 
multistage Mach-Zehnder interferometer type optical 
circuit, it is necessary to set the optical path length 
difference between individual interferometers 
5 accurately on an order less than the wavelength of the 
optical signal. However, the optical path length 
difference can deviate from a design value because of 
errors in the fabrication process , thereby often causing 
a phase error . As a means for compensating for the phase 

10 error , phase controllers for controlling the refractive 
indices of the individual interferometers are provided 
so that they carry out the phase control of the optical 
signal in the interferometers by controlling the 
refractive indices. Accordingly, it is necessary to 

15 measure phase characteristics of the individual 

interferometers before carrying out the control by the 
phase controllers. An adjustment method of the 
characteristics of the multistage Mach-Zehnder 
interferometer type optical circuit will be described 

20 with reference to Figs. 1 and 2. 

Fig. 1 is a diagram illustrating a conventional 
adjustment method of the characteristics of the 
multistage Mach-Zehnder interferometer type optical 
circuit, and Fig. 2 is a graph illustrating an intensity 

25 characteristic of the optical output when changing phase 

by using the phase controllers in symmetrical 
Mach- Zehnder interferometers . 
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Fig, 1 is a schematic diagram of a typical 
configuration of the multistage Mach- Zehnder 
interferometer type optical circuit including 
symmetrical Mach-Zehnder interferometers and 
5 asymmetrical Mach-Zehnder interferometers alternately 
connected in cascade. 

More specifically, each symmetrical Mach-Zehnder 
interferometer comprises a directional coupler 21 x 
placed forward for splitting/combining the optical 

10 signal; a directional coupler 21 2 placed backward for 
splitting/combining the optical signal; two optical 
waveguides placed between the directional couplers 21 ± 
and 21 2 and adjusted such that they have the same optical 
path lengths; and a phase controller 22 x attached to 

15 one of the two optical waveguides between the directional 
couplers 21 ± and 21 2 to control the phase of the optical 
signal. On the other hand, each asymmetrical 
Mach-Zehnder interferometer comprises a directional 
coupler 21 2 placed forward for splitting/combining the 

20 optical signal; a directional coupler 21 3 placed 

backward for splitting/combining the optical signal; 
two optical waveguides placed between the directional 
couplers 21 2 and 21 3 and adjusted such that they have 
different optical path lengths; and a phase controller 

25 22 2 attached to one of the two optical waveguides between 
the directional couplers 21 2 and 21 3 to control the phase 
of the optical signal. The multistage Mach-Zehnder 
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interferometer type optical circuit includes the 
symmetrical Mach-Zehnder interferometers and 
asymmetrical Mach- Zehnder interferometers with the 
foregoing structures connected in cascade alternately 
5 with sharing the directional coupler 21 2 . In addition, 
at the initial end of the multistage Mach- Zehnder 
interferometer type optical circuit , there are provided 
optical waveguides 24 ± and 24 2 as an input section of 
the optical signal. 

10 Since the multistage Mach-Zehnder interferometer 

type optical circuit has a multi-stage configuration 
that connects the foregoing symmetrical Mach-Zehnder 
interferometers and asymmetrical Mach-Zehnder 
interferometers alternately in cascade. Fig. 1 

15 designates the directional couplers by reference 

numerals 21 x -21 M , and the phase controllers by 22 x -22 L . 
In addition , it designates monitoring ports by reference 
numerals 23 1 -23 4/ an interferometer to be measured by 
25, and interferometers section including the 

20 monitoring ports by 26. Although the directional 

couplers 2l!-21 M are illustrated by a single line, they 
actually include two optical waveguides placed in 
parallel with appropriate proximity. 

The conventional method of adjusting the 

25 characteristics of the multistage Mach-Zehnder 

interferometer type optical circuit with the foregoing 
configuration is carried out as follows. It provides 
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the circuit with monitoring ports in close proximity 
at forward and backward stages of the interferometer 
to be measured just as the interferometers section 26 
equipped with the monitoring ports 23i-23 4 as shown in 
5 Fig. 1 (K. Takiguchi et al . , IEEE PHOTONICS TECHNOLOGY 
LETTERS, VOL. 6, NO. 1 , pp . 86-88 (1994) ) . For example, 
to adjust the characteristics of the interferometer 25 
to be measured, the optical signal is input from the 
monitoring port 23i or 23 2 installed at a forward stage 

10 of the interferometer 25 to be measured. Then, while 
changing the phase of the optical waveguide with the 
phase controller 22j_! of the interferometer 25 to be 
measured, intensity changes of the output light from 
the monitoring port 23 3 or 23 4 , which is installed at 

is a backward stage of the interferometer 25 to be measured , 
are measured. Incidentally, the individual monitoring 
ports 23i -23 4 are connected to the forward and backward 
stages of the interferometer 25 to be measured by the 
directional couplers 21 K _ 5 , 21 K _ 4 , 21 K+ i, and 21 K+2 , 

20 respectively. In addition, directional couplers 21 K _ 2 
and 21 K .i in the interferometer 25 to be measured are 
provided for connecting other monitoring ports for other 
interferometers to be measured at the forward or backward 
stage . 

25 Across the monitoring ports 23 x and 23 3 provided 

for the interferometer 25 to be measured, a symmetrical 
Mach-Zehnder interferometer is configured with two 
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optical waveguides having the same optical path lengths . 
The intensity in the output light changes in response 
to the phase change $ by the phase controller 22j_ x as 
illustrated in Fig. 2. Accordingly, measuring the 
5 intensity changes makes it possible to know the driving 
amount (corresponding to a phase control signal) of the 
phase controller 22j_x of the interferometer 25 to be 
measured, and to provide the phase of the optical signal 
with desired characteristics by setting an appropriate 

10 driving amount to the phase controller 22j . x . The graph 
of Fig. 2 illustrating the phase-output light intensity 
normalizes the intensity by the maximum intensity under 
the assumption that the coupling ratio of the directional 
couplers 21 K _ 3 and 21 K is 50% (3dB directional coupler) . 

15 Fig. 1 shows a configuration in which only the 

interferometers section 26 has the monitoring ports 
23 x -23 4 to make the difference clear between the section 
with the monitoring ports and sections without using 
them. In actuality, however, monitoring ports are 

20 provided to the forward and backward stages of all the 
interferometers except for the interferometers at both 
ends constituting input and output sections of the 
multistage Mach-Zehnder interferometer type optical 
circuit, so that the other interferometers are also 

25 subjected to the measurement of the phase 

characteristics and the adjustment of the phases using 
the same procedure. The interferometers at both ends 
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of the multistage Mach-Zehnder interferometer type 
optical circuit constituting its input and output 
sections can use the optical waveguides constituting 
the input ports or output ports as the monitoring ports, 
5 thereby obviating the need to install the monitoring 
ports . 

The conventional characteristic adjustment method, 
however, has the following problems because the 
multistage Mach-Zehnder interferometer type optical 

10 circuit must include the monitoring ports in close 
proximity in the forward and backward stages of the 
interferometers. (1) Installation of the monitoring 
ports increases the dimensions of the device; and (2) 
A device loss is increased because of the leakage of 

15 light to the monitoring ports. 

SUMMARY OF THE INVENTION 

The present invention is implemented to solve the 
20 foregoing problems. It is therefore an object of the 
present invention to provide a method of accurately and 
simply adjusting the characteristics of the multistage 
Mach-Zehnder interferometer type optical circuit 
without installing any monitoring ports, and a 
25 multistage Mach-Zehnder interferometer type optical 
circuit whose characteristics are adjusted by the 
adjustment method . 
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To accomplish the object of the present invention, 
according to a first aspect of the present invention, 
there is provided an adjustment method of 
characteristics of a multistage Mach-Zehnder 
interferometer type optical circuit that includes: a 
first input /output optical waveguide pair; a second 
input /output optical waveguide pair; M directional 
couplers disposed between the first and second 
input/output optical waveguide pairs, where M is an 
integer equal to or greater than two; and (M-l) phase 
control means, each of which is disposed between two 
adjacent directional couplers of the M directional 
couplers, is attached to at least one of two optical 
waveguides of the optical waveguide pair placed between 
the adjacent directional couplers, and controls 
relative phase of light beams passing through a first 
optical waveguide and a second optical waveguide of the 
optical waveguide pair in response to a phase control 
signal, wherein the adjacent directional couplers, the 
phase control means disposed between the adjacent 
directional couplers, and the optical waveguide pairs 
that are disposed between the directional couplers and 
have same optical path lengths constitute symmetrical 
Mach-Zehnder type optical interferometers, whereas the 
adjacent directional couplers, the phase control means 
disposed between the adjacent directional couplers , and 
the optical waveguide pairs that are disposed between 
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the directional couplers and have different optical path 
lengths constitute asymmetrical Mach-Zehnder type 
optical interferometers, and (M-l) Mach-Zehnder type 
optical interferometers are connected in cascade to 
5 construct the multistage Mach-Zehnder interferometer 
type optical circuit, the adjustment method of the 
characteristics of the multistage Mach-Zehnder 
interferometer type optical circuit comprising : a first 
step of sequentially carrying out, for each of the 

10 symmetrical Mach-Zehnder interferometers, setting of 
the phase control signal besed on a correlation between 
the phase control signal of the phase control means 
disposed in the symmetrical Mach-Zehnder 
interferometer and optical intensity output from a first 

15 optical waveguide of the second input/output optical 
waveguide pair disposed in an output side of the 
multistage Mach-Zehnder interferometer type optical 
circuit , after inputting low coherence light , which has 
a coherence length shorter than a minimum optical path 

20 length difference between the asymmetrical 

Mach-Zehnder interferometers, from a first optical 
waveguide of the first input/output optical waveguide 
pair disposed at an input side of the multistage 
Mach-Zehnder interferometer type optical circuit; a 

25 second step of sequentially carrying out, for each of 
the asymmetrical Mach-Zehnder interferometers , setting 
of the phase control signal based on a correlation 
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between the phase control signal of the phase control 
means disposed in the asymmetrical Mach-Zehnder 
interferometer and optical intensity output from one 
of first and second optical waveguides of the second 
5 input/output optical waveguide pair disposed in the 
output side of the multistage Mach-Zehnder 
interferometer type optical circuit, after inputting 
wavelength tunable coherent light from one of first and 
second optical waveguides of the first input/output 

10 optical waveguide pair disposed at the input side of 
the multistage Mach-Zehnder interferometer type 
optical circuit; and a third step of optimizing the 
individual phase control signals of the phase control 
means to achieve a desired characteristic of the output 

15 light from the multistage Mach-Zehnder interferometer 
type optical circuit based on the correlations between 
the phase control signals and output light intensity 
obtained at the first step and the second step. 
According to a second aspect of the present 

20 invention, there is provided an adjustment method of 
characteristics of a multistage Mach-Zehnder 
interferometer type optical circuit that includes: a 
first input/output optical waveguide pair; a second 
input/output optical waveguide pair; 2(N+1) 

25 directional couplers disposed between the first and 
second input/output optical waveguide pairs, where N 
is an integer equal to or greater than one; and (2N+1) 
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phase control means, each of which is disposed between 
two adjacent directional couplers of the 2(N+1) 
directional couplers, is attached to at least one of 
two optical waveguides of the optical waveguide pair 
5 placed between the adjacent directional couplers, and 
controls relative phase of light beams passing through 
a first optical waveguide and a second optical waveguide 
of the optical waveguide pair in response to a phase 
control signal, wherein the adjacent directional 

10 couplers, the phase control means disposed between the 
adjacent directional couplers, and the optical 
waveguide pairs that are disposed between the 
directional couplers and have same optical path lengths 
constitute symmetrical Mach-Zehnder type optical 

15 interferometers, whereas the adjacent directional 

couplers, the phase control means disposed between the 
adjacent directional couplers, and the optical 
waveguide pairs that are disposed between the 
directional couplers and have different optical path 

20 lengths constitute asymmetrical Mach-Zehnder type 
optical interferometers, and the (N+l) symmetrical 
Mach-Zehnder type optical interferometers and the N 
asymmetrical Mach-Zehnder type optical interferometers 
are alternately connected in cascade to construct the 

25 multistage Mach-Zehnder interferometer type optical 
circuit, the adjustment method of the characteristics 
of the multistage Mach-Zehnder interferometer type 
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optical circuit comprising: a first step of sequentially 
carrying out, for each of the symmetrical Mach-Zehnder 
interferometers, setting of the phase control signal 
based on a correlation between the phase control signal 
5 of the phase control means disposed in the symmetrical 
Mach- Zehnder interferometer and optical intensity 
output from a first optical waveguide of the second 
input/output optical waveguide pair disposed in an 
output side of the multistage Mach-Zehnder 

10 interferometer type optical circuit, after inputting 
lowcoherence light , whichhas a coherence length shorter 
than a minimum optical path length difference between 
the asymmetrical Mach-Zehnder interferometers, from a 
first optical waveguide of the first input/output 

15 optical waveguide pair disposed at an input side of the 
multistage Mach-Zehnder interferometer type optical 
circuit; a second step of sequentially carrying out, 
for each of the asymmetrical Mach-Zehnder 
interferometers, setting of the phase control signal 

20 based on a correlation between the phase control signal 
of the phase control means disposed in the asymmetrical 
Mach-Zehnder interferometer and optical intensity 
output from one of first and second optical waveguides 
of the second input/output optical waveguide pair 

25 disposed in the output side of the multistage 

Mach-Zehnder interferometer type optical circuit, 
after inputting wavelength tunable coherent light from 
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one of first and second optical waveguides of the first 
input /output optical waveguide pair disposed at the 
input side of the multistage Mach-Zehnder 
interferometer type optical circuit; and a third step 
5 of optimizing the individual phase control signals of 
the phase control means to achieve a desired 
characteristic of the output light from the multistage 
Mach-Zehnder interferometer type optical circuit based 
on the correlations between the phase control signals 

10 and output light intensity obtained at the first step 
and the second step. 

In the first and second aspects of the adjustment 
method of the characteristics of the multistage 
Mach-Zehnder interferometer type optical circuit, the 

15 setting of each of the phase control signals at the first 
step may be carried out in response to the optical output 
intensity from the first optical waveguide of the second 
input/output optical waveguide pair such that the phase 
control signal of the phase control means disposed in 

20 the symmetrical Mach-Zehnder interferometer makes an 
intensity-coupling ratio of the symmetrical 
Mach-Zehnder interferometer equal to one of 0% and 10 0% ; 
and the setting of each of the phase control signals 
at the second step may be carried out such that an 

25 intensity-coupling ratio of two of the symmetrical 
Mach-Zehnder interferometers adjacent to both ends of 
each of the asymmetrical Mach-Zehnder interferometers 
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becomes 50%, and intensity-coupling ratios of the 
symmetrical Mach- Zehnder interferometers other than 
the two symmetrical Mach-Zehnder interferometers 
become one of 0% and 100%, by setting the phase control 
5 signals of the phase control means disposed in the 
symmetrical Mach-Zehnder interferometers based on the 
correlations obtained at the first step, and such that 
intensity-coupling ratios of the asymmetrical 
Mach-Zehnder interferometers become one of 0% and 100%. 

10 In the first and second aspects of the adjustment 

method of the characteristics of the multistage 
Mach-Zehnder interferometer type optical circuit, the 
settings of the phase control signals at the first step 
and the second step may be each carried out sequentially 

is from the phase control means disposed in the output side 
of the multistage Mach-Zehnder interferometer type 
optical circuit toward the phase control means disposed 
in the input side of the multistage Mach-Zehnder 
interferometer type optical circuit. 

20 J n the first and second aspects of the adjustment 

method of the characteristics of the multistage 
Mach-Zehnder interferometer type optical circuit, an 
optical input to the multistage Mach-Zehnder 
interferometer type optical circuit at the first step 

25 and the second step may be carried out by using optical 
path switching means including two optical input 
sections and two optical output sections and capable 
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of selecting an optical path between the optical input 
sections and the optical output sections, in which the 
two optical input sections are connected to the low 
coherence light and the wavelength tunable coherent 
5 light, respectively, the two optical output sections 
are connected to the first input/output optical 
waveguide pair, and the optical path switching means 
carry out optical path switching to select one of the 
low coherence light and the wavelength tunable coherent 

10 light as the input light . 

In addition, the characteristic adjustment by using 
the foregoing methods can provide a low-loss multistage 
Mach-Zehnder interferometer type optical circuit 
without the monitoring ports. 

15 According to the present invention, it becomes 

unnecessary to install the monitoring ports (monitoring 
circuits) . Consequently, the problem of increasing the 
device size or optical signal loss can be eliminated. 
In addition, since the phase shift values can be set 

20 accurately, fabrication errors can be corrected easily, 
thereby enabling the precise phase setting of the 
complicated multistage Mach-Zehnder interferometer 
type optical circuit. 

The above and other objects, effects, features and 

25 advantages of the present invention will become more 
apparent from the following description of embodiments 
thereof taken in conjunction with the accompanying 
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drawings . 

BRIEF DESCRIPTION OF THE DRAWINGS 

5 Fig. 1 is a schematic diagram illustrating a 

conventional adjustment method of the characteristics 
of a multistage Mach-Zehnder interferometer type 
optical circuit; 

Fig. 2 is a graph illustrating an intensity 
10 characteristic of the optical output versus phase 
changes of a phase controller in a symmetrical 
Mach- Zehnder interferometer; 

Fig. 3 is a flowchart illustrating an adjustment 
method of the characteristics of the multistage 
is Mach-Zehnder interferometer type optical circuit as an 
embodiment in accordance with the present invention; 

Fig. 4 is a schematic diagram of a multistage 
Mach-Zehnder interferometer type optical circuit for 
explaining the procedure of step SI in Fig. 3; 
20 Fig. 5 is a schematic diagram of the multistage 

Mach-Zehnder interferometer type optical circuit for 
explaining the procedure of step S2 in Fig. 3; 

Fig. 6A is a graph illustrating an intensity 
characteristic of a symmetrical Mach-Zehnder 
25 interferometer based on an intensity-coupling ratio, 
where the intensity-coupling ratio is 20%; 

Fig. 6B is a graph illustrating the intensity 
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characteristic of the symmetrical Mach-Zehnder 
interferometer based on the intensity-coupling ratio, 
where the intensity-coupling ratio is 50%; 

Fig. 6C is a graph illustrating the intensity 
5 characteristic of a symmetrical Mach-Zehnder 

interferometer based on the intensity-coupling ratio, 
where the intensity-coupling ratio is 80%; 

Fig. 7 is a schematic diagram illustrating a 
configuration of a multistage Mach-Zehnder 
10 interferometer type optical circuit including three 
symmetrical Mach-Zehnder interferometers connected in 
cascade ; and 

Fig. 8 is a schematic diagram illustrating a 
multistage Mach-Zehnder interferometer type optical 
15 circuit with a configuration in which symmetrical 

Mach-Zehnder interferometers are partially removed to 
be replaced by directional couplers with fixed 
intensity-coupling ratios . 

20 DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

The invention will now be described with reference 
to the accompanying drawings . 

Fig. 3 is a flowchart illustrating an adjustment 
25 method of the characteristics of a multistage 

Mach-Zehnder interferometer type optical circuit as an 
embodiment in accordance with the present invention; 
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Fig. 4 is a schematic diagram of the multistage 
Mach-Zehnder interferometer type optical circuit for 
explaining a first procedure of Fig. 3; and Fig. 5 is 
a schematic diagram of the multistage Mach-Zehnder 
5 interferometer type optical circuit for explaining a 
second procedure of Fig. 3. The adjustment method of 
the characteristics of the multistage Mach-Zehnder 
interferometer type optical circuit shown in Fig. 3 will 
now be described with reference to the multistage 

10 Mach-Zehnder interferometer type optical circuit shown 
in Figs. 4 and 5. The multistage Mach-Zehnder 
interferometer type optical circuit with the 
configuration shown in Figs . 4 and 5 is the most generally 
used typical example. It includes (P+l) symmetrical 

15 Mach-Zehnder interferometers and P asymmetrical 

Mach-Zehnder interferometers alternately connected in 
cascade, with the symmetrical Mach-Zehnder 
interferometers being placed at the initial and final 
ends. In addition, one of the two optical waveguides 

20 of the individual interferometers is provided with a 
phase controller for controlling the phase of the optical 
signal. Although the details will be described later, 
the present invention is not limited to the multistage 
Mach-Zehnder interferometer type optical circuit with 

25 the foregoing configuration. For example, it is also 
applicable to a multistage Mach-Zehnder interferometer 
type optical circuit in which any numbers of the 
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symmetrical Mach-Zehnder interferometers and 
asymmetrical Mach-Zehnder interferometers are 
connected in an arbitrary order. 

A concrete configuration of the multistage 
5 Mach-Zehnder interferometer type optical circuit shown 
in Figs. 4 and 5 is as follows. The symmetrical 
Mach-Zehnder interferometer comprises a directional 
coupler 1 ± placed forward for splitting/combining an 
optical signal ; a directional coupler 1 2 placed backward 

10 for splitting/combining the optical signal ; two optical 
waveguides (arms) that are interposed between the 
directional couplers 1 ± and 1 2 and have the same optical 
path lengths; and a phase control means 2 X attached to 
one of the two optical waveguides (arms) interposed 

is between the directional couplers l x and 1 2 to control 
the phase of the optical signal. On the other hand, 
the asymmetrical Mach-Zehnder interferometer comprises 
the directional coupler 1 2 placed forward for 
splitting/combining the optical signal; a directional 

20 coupler 1 3 placed backward for splitting/combining the 
optical signal; two optical waveguides (arms) that are 
interposed between the directional couplers 1 2 and 1 3 
and have different optical path lengths; and a phase 
control means 2 2 attached to one of the two optical 

25 waveguides (arms) interposed between the directional 
couplers 1 2 and 1 3 . The symmetrical Mach-Zehnder 
interferometers and asymmetrical Mach-Zehnder 
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interferometers are alternately connected in cascade 
with sharing the directional coupler 1 2 , thereby 
constituting the multistage Mach-Zehnder 
interferometer type optical circuit. In addition, at 
5 the initial stage of the multistage Mach-Zehnder 
interferometer type optical circuit, optical 
waveguides 9± and 9 2 are installed which constitute an 
input section of the optical signal. 

Since the multistage Mach-Zehnder interferometer 

10 type optical circuit has the multi-stage configuration 
that alternately connects the symmetrical Mach-Zehnder 
interferometers and asymmetrical Mach-Zehnder 
interferometers in cascade, Figs. 4 and 5 designate the 
directional couplers by reference numerals I1-I2P+2* 

15 the phase controllers by 2i-2 2 p+i« ports by 3i-3 6 and 
4i-4 6 , respectively and the interferometer to be 
measured by 10 abd 11, respectively. Although the 
directional couplers li-l 2 p+2 are each illustrated by 
a single line for simplicity, they actually include two 

20 optical waveguides placed in parallel with appropriate 
proximity. 

A general description of the configuration of the 
multistage Mach-Zehnder interferometer type optical 
circuit shown in Figs . 4 and 5 will be as follows . 
25 Specifically, the optical circuit comprises two optical 
waveguides, and 2(P+1) directional couplers at which 
the two optical waveguides are placed in close proximity. 
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where P is an integer equal to or greater than one. In 
addition, at (2P+1) sections between the 2(P+1) 
directional couplers , ( P + l ) pairs of optical waveguides 
with the same optical path lengths and P pairs of optical 
5 waveguides with different optical path lengths are 
disposed alternately, with two pairs of the optical 
waveguides with the same optical path lengths being 
placed at both ends . 

Furthermore, a phase controller for controlling 

10 the phase of the optical signal is attached to at least 
one of the optical waveguides of each of the (P + l) pairs 
of the optical waveguides with the same optical path 
lengths, and to at least one of the optical waveguides 
of each of the P pairs of optical waveguides with 

15 different optical path lengths. Here, the two optical 
waveguides with the same optical path lengths, which 
include the phase controller mounted on at least one 
of the optical waveguides, constitute a symmetrical 
Mach-Zehnder interferometer. On the other hand, the 

20 two optical waveguides with the different optical path 
lengths, which include the phase controller mounted on 
at least one of the optical waveguides, constitute an 
asymmetrical Mach-Zehnder interferometer . 

Thus, the multistage Mach-Zehnder interferometer 

25 type optical circuit shown in Figs. 4 and 5 includes 
(P+l) symmetrical Mach-Zehnder interferometers and P 
asymmetrical Mach-Zehnder interferometers connected 
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alternately in cascade, with two of the symmetrical 
Mach- Zehnder interferometers being placed at both ends . 

The adjustment of the characteristics of the 
multistage Mach-Zehnder interferometer type optical 
5 circuit is carried out as follows by the method in 
accordance with the present invention. First, a low 
coherence light source 5 for outputting low coherence 
light and a wavelength tunable light source 6 for 
outputting wavelength tunable coherent light are 

10 connected to an optical switch 8 via two connection ports 
1 x and 7 2 . The optical switch 8 makes optical switching 
to guide one of the output light beams fed from the low 
coherence light source 5 and wavelength tunable light 
source 6 to the multistage Mach-Zehnder interferometer 

15 type optical circuit. The light the optical switch 8 
selects is led to the multistage Mach-Zehnder 
interferometer type optical circuit via one of two 
optical waveguides 9 X and 9 2 connected to the output 
side of the optical switch 8. 

20 Next, referring to Figs. 3-5, a procedure of the 

adjustment method of the characteristics of the 
multistage Mach-Zehnder interferometer type optical 
circuit in accordance with the present invention will 
be described. The following description is made under 

25 the assumption that the multistage Mach-Zehnder 

interferometer type optical circuit uses silica based 
glass as a material of the optical waveguides. 
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First, the procedure of step SI shown in Fig. 3 
will be described with reference to Fig. 4. At step 
SI, only the low coherence 
light source 5 is connected to the optical waveguide 
5 9 2 of the multistage Mach-Zehnder interferometer type 
optical circuit through the optical switch 8. Here, 
the low coherence light source 5 must have a spectrum 
width with its coherence length shorter than the minimum 
optical path length difference between the two optical 

10 waveguides of any asymmetrical Mach-Zehnder 

interferometer. As the low coherence light source, it 
is possible to use a light emitting diode (LED) , a super 
luminescent diode (SLD), the amplified spontaneous 
emission light (ASE light source) of a rare earth doped 

15 optical fiber amplifier or semiconductor laser 
amplifier, or the like. 

The coherence length L c of the light source is given 
by the following equation under the assumption that the 
profile of the spectrum of the light source is Gaussian. 

20 The coherence length is defined as a maximum optical 
path length difference that causes interference, when 
light is split into two portions, transmitted through 
different optical path lengths, and combined again. 

25 L c = A 0 2 /AA (l) 

where A 0 is the center wavelength of the light source, 
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# 

and AA is the full width at half maximum of the spectrum 
of the light source. For example, when an SLD is used 
as the low coherence light source, A 0 = 1550 nm and AA 
= 50 nm or so, and L c is about 48.1 jim. 
5 In addition, the optical path length difference 

AL of the asymmetrical Mach-Zehnder interferometer is 
given by the following equation. 

AL = c/(n x f p s r ) (2) 

10 

where c is the speed of light in a vacuum, n is an effective 
refractive index of the optical waveguides, and f FS R 
is an FSR (Free Spectrum Range). Considering that 
optical filters for WDM communications are usually used 

15 in the FSR on the order of a few tens to several hundred 
gigahertz, the value AL becomes several hundred 
micrometers to a few tens of millimeters when assuming 
the structure of the optical waveguides is made of the 
silica based glass, where n is about 1.5. 

20 It is seen from typical values of L c and AL given 

by equations (1) and (2) that L c << AL can be easily 
achieved. In other words, compared with the coherence 
length L c of the low coherence 
light, the optical path length difference AL between 

25 the two optical waveguides (arms) of the asymmetrical 
Mach-Zehnder interferometer is much longer. 
Accordingly, the low coherence light does not satisfy 
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the interference condition ( AL ^ L c ) at the asymmetrical 
Mach-Zehnder interferometer, thereby causing no 
interference. However, as for the symmetrical 
Mach-Zehnder interferometer, since the optical path 
5 lengths are designed to become equal between the arms, 
the low coherence light satisfies the interference 
condition (AL £ L c ) , thereby causing the interference. 
As a result , in response to the phase difference (j) between 
the arms, the intensity characteristic of the optical 

10 output as illustrated in Fig . 2 is obtained, for example. 

Usually, the deviation of the optical path length 
difference of the symmetrical Mach-Zehnder 
interferometer due to a fabrication error is about one 
several tenth of the wavelength, that is, about one 

15 several tenth of 2jt in terms of the phase <|) . Accordingly, 
the major part of the light is output from the cross 
port and only a very small part thereof is leaked to 
the through port in the symmetrical Mach-Zehnder 
interferometer with two 3dB directional couplers . Thus , 

20 considering a case where the light is incident into the 
optical waveguide 9 X in Fig. 4, the major part of the 
light is transmitted to the cross port side indicated 
by arrows in Fig. 4. 

Next , a procedure will be described of carrying 

25 out measurement and setting of the characteristics of 
the symmetrical Mach-Zehnder interferometer to be 
measured by utilizing the foregoing property of the low 
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coherence light. In Fig. 4, the symmetrical 
Mach-Zehnder interferometer 10 to be measured is 
enclosed by broken lines. The interferometer 10 to be 
measured has two input side optical waveguides as its 
5 ports 3x and 3 2 , and two output side optical waveguides 
as its ports 3 3 and 3 4 . Furthermore, the two output 
side optical waveguides in the final stage constitute 
ports 3 5 and 3 6 . 

The lights incident into the ports 3i and 3 2 on the 

io input side of the symmetrical Mach-Zehnder 

interferometer 10 to be measured have passed through 
the optical waveguides having the optical path length 
difference AL greater than the coherence length. 
Accordingly, the lights have no correlation between 

15 their phase information . Thus, the optical intensities 
OUT x and OUT 2 at the ports 3 3 and 3 4 , respectively, are 
given by the following equations. 

OUT x = I 0 {r -sin 2 ^ 12) + (1- r) -cos 2 ^ 12)} = / 0 {1 - r -(l-2r)-sin 2 (0 e „ 1 /2)} 
20 (3) 

OUT 2 = I 0 {r -cos 2 ^ 12) + (1 -r) -sin 2 ^ 12)} = 7 0 {r + (1^2r)-sin 2 (^. 1 /2)} 
(4) 

25 where r:(l-r) is the ratio between the intensities of 
the input lights to the ports 3 X and 3 2 , where r >> 1-r; 
I 0 is the intensity of light incident into the symmetrical 
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Mach-Zehnder interferometer 10 to be measured; and phase 
$q - 1 is the phase at the phase controller 2 Q . x . 

In normal conditions excluding the case of r = 0.5, 
which never occurs in ordinary fabrication conditions, 
5 the optical intensities OUTx and 0UT 2 vary with the phase 
<J)q- 1# and hence the outputs of the final stage ports 
3 5 and 3 6 also vary. In other words, the output changes 
at the final stage ports 3 5 and 3 6 correspond to the 
output changes of the outputs 0UT x and OUT 2 . Thus, by 

10 monitoring the outputs from the final stage ports 3 5 
and 3 6 , a measurement is carried out of the driving amount 
of the phase controller (corresponding to the phase 
control signal) at the point at which the outputs become 
maximum or minimum (that is, the point at which the 

is intensity-coupling ratio becomes 0% or 100%). 

Incidentally, a commercially available optical 
power meter capable of conducting decibel unit 
measurement of the optical intensity gives the most 
accurate measurement for the output changes near the 

20 minimum output. Thus, the driving amount is usually 
measured at the point of minimum output. For example, 
it is known that as for a silica based glass optical 
waveguide, the refractive index change is proportional 
to the power based on the thermooptic effect, and that 

25 as for a semiconductor optical waveguide , the refractive 
index change is proportional to the voltage based on 
the electro-optic effect. Therefore measuring these 
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values makes it possible to obtain the driving amount 
of the phase controller. 

After recording driving amounts PO Q _i /rainl and 
P0 Q . lrmin2 (PO Q _ 1#minl < P0 Q _ ! , min2 ) measured at two 
points giving minimum outputs, an adjustment is made 
using the phase information such that the 
intensity-coupling ratio between the port 3 X or 3 2 and 
port 3 3 or 3 4 becomes 0% or 100% accurately. Although 
there is no harm in conducting the following measurement 
without this adjustment, the adjustment is effective 
to carry out measurements of the remaining symmetrical 
Mach-Zehnder interferometers more accurately and 
simply. The phase information of the individual 
symmetrical Mach-Zehnder interferometers is obtained 
by applying the foregoing procedure to the remaining 
symmetrical Mach-Zehnder interferometers 
successively . 

Although the measurements sequence of the 
symmetrical Mach-Zehnder interferometers can be 
arbitrary, successive measurements from the final stage 
toward the initial stage have an advantage that the 
resultant phase information is insusceptible to the 
phase errors that will be brought about by the 
symmetrical Mach-Zehnder interferometers not yet to be 
measured. Furthermore, when using a coherent light 
source ( such as an ordinary semiconductor laser) in which 
L c > AL , its coherent light will cause interference even 
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in the asymmetrical Mach-Zehnder interferometer 
sections , thereby disabling the foregoing measurement , 
which must be taken into account. 

Next, the procedure of step S2 shown in Fig. 3 will 
5 be described. The configuration of the multistage 
Mach-Zehnder interferometer type optical circuit shown 
in Fig. 5 is the same as that of the multistage 
Mach-Zehnder interferometer type optical circuit shown 
in Fig. 4. For convenience of description of the 

10 procedure, the asymmetrical Mach-Zehnder 

interferometer 11 to be measured is enclosed by broken 
lines, and its adjacent symmetrical Mach-Zehnder 
interferometers 12 and 13 at the forward and backward 
stages, respectively, are enclosed by dash-dotted lines . 

15 In addition, the asymmetrical Mach-Zehnder 

interferometer 11 to be measured has two input side 
optical waveguides as its ports 4 2 and 4 2 , and two output 
side optical waveguides as its ports 4 3 and 4 4 . 
Furthermore, the two output side optical waveguides in 

20 the final stage constitute ports 4 5 and 4 6 . 

First, only the wavelength tunable light source 
6 is connected to the optical waveguide 9 ± of the 
multistage Mach-Zehnder interferometer type optical 
circuit through the optical switch 8. The wavelength 

25 tunable light source 6 satisfies the condition of L c 
> AL , and the wavelength of the output light is set at 
the operational center frequency of the optical circuit , 
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for example. 

This step carries out the measurement and setting 
of the characteristics of the asymmetrical Mach- Zehnder 
interferometer 11 . More specifically, according to the 
5 driving phase amount information of the symmetrical 
Mach-Zehnder interferometers, which has been measured 
in the procedure of the foregoing step SI, the 
intensity-coupling ratios of the two symmetrical 
Mach-Zehnder interferometers 12 and 13 in Fig. 5 are 
10 set at 50%. In this case, a driving amount PO r required 
for the symmetrical Mach-Zehnder interferometer arm is 
given by the following equation for the interferometer 
12 . 

15 PO r = POu. 1#minl + (PO u . 1#min2 - POy.! , rainl )/4 

(5) 



Figs. 6A-6C are graphs illustrating the intensity 
characteristics of the symmetrical Mach-Zehnder 

20 interferometer for the individual intensity-coupling 
ratios. Specifically, they exhibit the intensity 
characteristics versus the phase change <j>u of the phase 
controller 2u between the ports 4 X and 4 3 , when the 
intensity-coupling ratios of the symmetrical 

25 Mach-Zehnder interferometers 12 and 13 in Fig. 5 are 
used as parameters. Fig. 6A illustrates a case when 
the intensity -coupling ratio is 2 0% , Fig . 6B illustrates 
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a case when it is 50%, and Fig. 6C illustrates a case 
when it is 80%. The characteristics of the symmetrical 
Mach-Zehnder interferometers 12 and 13 are normalized 
such that they take the maximum intensity when the 
5 coupling ratios are 50%. Although the coupling ratios 
of the symmetrical Mach-Zehnder interferometers can be 
set at any value except for 0% and 100%, the coupling 
ratios of 50% as illustrated in Fig. 6A-6C offer the 
following advantage. The coupling ratios of 50% can 

10 maximize the intensity difference between the maximum 
value and minimum value of the optical output intensity, 
thereby offering an advantage of making the measurement 
more accurate and simple. 

In Fig. 5, the intensity transmit tance of the 

15 symmetrical Mach-Zehnder interferometers other than 
the two symmetrical Mach-Zehnder interferometers 12 and 
13 adjacent to the asymmetrical Mach-Zehnder 
interferometer 11 to be measured is set at 0% or 100% 
based on the measurement information at step SI. The 

20 reason for this is as follows. Since the wavelength 
tunable light used in the present step S2 is coherent 
light, it can cause interference in the asymmetrical 
Mach-Zehnder interferometers other than the 
asymmetrical Mach-Zehnder interferometer 11 to be 

25 measured. Accordingly, it is necessary for the 
measurement of the asymmetrical Mach-Zehnder 
interferometer 11 to be measured to avoid such 
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interference as much as possible. Thus, the 
transmittance of the remaining symmetrical 
Mach-Zehnder interferometers except 12 and 13 is set 
at 100% for their cross ports, which enables the light 
5 to propagate as indicated by arrows in Fig. 5 when the 
phase (]><, is an integer multiple of 2k. As a result, 
the light can propagate through the asymmetrical 
Mach-Zehnder interferometers other than the 
asymmetrical Mach-Zehnder interferometer 11 to be 

10 measured without interference. 

After carrying out the foregoing settings for the 
individual interferometers, the output light from the 
asymmetrical Mach-Zehnder interferometer 11 to be 
measured is measured at the final stage ports 4 5 and 

15 4 6 . Then, the driving amount POy , min of the phase 
controller 2 V is measured and recorded when the output 
light intensity becomes minimum or maximum (that is, 
when the intensity-coupling ratio is 0% or 100%) . The 
procedure is performed successively for the remaining 

20 asymmetrical Mach-Zehnder interferometers so that the 
driving amounts of their individual phase controllers 
are measured and recorded. 

Although the measurements sequence of the 
asymmetrical Mach-Zehnder interferometers can be 

25 arbitrary, successive measurements from the final stage 
to the initial stage have an advantage that the resultant 
phase information is insusceptible to the phase errors 
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that will be brought about by the asymmetrical 
Mach- Zehnder interferometers not yet to be measured. 

Finally , the procedure of step S3 in Fig . 3 is carried 
out . To achieve desired optical output characteristics 
5 of the multistage Mach- Zehnder interferometer type 
optical circuit, it is necessary to calculate the phase 
shift amount r) v required for the individual symmetrical 
Mach- Zehnder interferometers in accordance with the 
application purpose of the multistage Mach- Zehnder 

10 interferometer type optical circuit (such as an optical 
filter, dispersion compensator, or gain equalizer) and 
the characteristics to be satisfied. Once the phase 
shift amount r) v and the phase information on the driving 
amounts measured at step SI have been obtained, the 

is driving amounts P0 v , r actually set to the symmetrical 
Mach- Zehnder interferometers are given by the following 
equation . 

P0 v , r = PO v ,minl + (PO v ,m±n2 " PO V , m i n 1 ) * r)v/(2*Jt) 
20 (6) 

where PO v , min i and P0 V , m in2 are driving amounts obtained 
at step SI. 

The phase setting of the individual symmetrical 
25 Mach- Zehnder interferometers is carried out based on 
the driving amounts PO v/r . In addition, the phase 
setting of the individual asymmetrical Mach-Zehnder 



33 



interferometers is carried out in the same manner as 
that of the symmetrical Mach- Zehnder interferometers 
using the values PO w , min obtained at step S2 . Thus, 
the desired characteristics are obtained ultimately. 
5 Incidentally, in the phase measurements at steps 

SI and S2, the accuracy of the setting can be improved 
by carrying out the phase modulation of the optical 
waveguides as needed, and by conducting synchronous 
detection using a lock-in amplifier and the like. 

10 In summary, the procedure of the characteristic 

adjustment method of the multistage Mach-Zehnder 
interferometer type optical circuit in accordance with 
the present invention is as follows. 

As for the multistage Mach-Zehnder interferometer 

15 type optical circuit including the symmetrical 
Mach-Zehnder interferometers and asymmetrical 
Mach-Zehnder interferometers connected in cascade, 
when the low coherence light is input which has a 
coherence length shorter than the minimum optical path 

20 length difference of the asymmetrical Mach-Zehnder 
interferometers, the lights interfere only in the 
symmetrical Mach-Zehnder interferometers, but not in 
the asymmetrical Mach-Zehnder interferometer. 

Therefore, first, it is possible for all the 

25 symmetrical Mach-Zehnder interferometers to 

sequentially measure relationships between the driving 
amounts of the phase controllers in the individual 
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symmetrical Mach-Zehnder interferometers and the 
actual phase shift amounts, by launching the low 
coherence light with the coherence length shorter than 
the minimum optical path length difference of the 
5 asymmetrical Mach-Zehnder interferometers into the 
multistage Mach-Zehnder interferometer type optical 
circuit, and by measuring the intensity change of the 
output light when changing the driving amount of the 
phase controller in each symmetrical Mach-Zehnder 
10 interferometer, where the driving amount corresponds 
to the phase control signal such as applied thermooptic 
power in the silica based glass optical waveguides, and 
an applied voltage in the semiconductor optical 
waveguides . 

15 Second, while launching the light from the 

wavelength tunable coherent light source into the 
multistage Mach-Zehnder interferometer type optical 
circuit, the intensity-coupling ratios of the two 
symmetrical Mach-Zehnder interferometers adjacent to 

20 the asymmetrical Mach-Zehnder interferometer to be 
measured are set at 50% in accordance with the 
measurement of the two symmetrical Mach-Zehnder 
interferometers, and the intensity-coupling ratios of 
the symmetrical Mach-Zehnder interferometers other 

25 than the two symmetrical Mach-Zehnder interferometers 
are set at 0% or 100%. In the conditions of such 
intensity-coupling ratios, each asymmetrical 
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Mach- Zehnder interferometer between the symmetrical 
Mach- Zehnder interferometers whose intensity-coupling 
ratios are set at 0% or 100% has no effect on the output 
light. Thus, the output light is changed only by the 
5 phase change in the asymmetrical Mach- Zehnder 

interferometer to be measured, that is, the asymmetrical 
Mach- Zehnder interferometer between the symmetrical 
Mach-Zehnder interferometers whose intensity-coupling 
ratios are set at 50%. Therefore it is possible to 

10 measure the relationship between the driving amount of 
the phase controller in the asymmetrical Mach-Zehnder 
interferometer to be measured and the actual phase shift 
amount by measuring the intensity change of the output 
light while changing the driving amount of the phase 

15 controller of the asymmetrical Mach-Zehnder 

interferometer to be measured. Thus, the phase 
characteristics of all the asymmetrical Mach-Zehnder 
interferometers can be measured by sequentially 
changing the asymmetrical Mach-Zehnder interferometers 

20 to be measured. 

Third, according to the measurement results of the 
driving amounts of the phase controllers in the 
individual interferometers, which have been obtained 
in the foregoing measurement procedures, the phase 

25 controllers of the individual interferometers are 

assigned appropriate driving amounts . Thus , the phase 
control amounts of the individual interferometers is 
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adjusted to the phase shift amounts of the desired 
optical output, thereby implementing the desired 
optical characteristic of the whole optical circuit. 
The description up to now is made by way of the 
5 example using as the phase controllers the silica based 
glass optical waveguide whose refractive index change 
is proportional to the thermooptic power. However, the 
waveguides are not limited to a glass optical waveguide 
such as a silica based glass optical waveguide or an 

10 optical fiber. For example, the present invention is 
also applicable to the characteristic adjustment of a 
multistage Mach-Zehnder interferometer type optical 
circuit including a dielectric optical waveguide or 
semiconductor optical waveguide, utilizing the 

15 electro-optic effect in which the refractive index 
change is proportional to the applied electric field. 
In addition, as for a multistage Mach-Zehnder 
interferometer type optical circuit with a 
hybrid-integrated configuration including a 

20 combination of several different types of optical 

waveguides, its whole characteristic adjustment can be 
performed by carrying out the characteristic adjustment 
in accordance with the present invention appropriately 
with changing the phase control effect according to the 

25 types of the individual optical waveguide sections. 

Furthermore, the present invention is applicable 
not only to the multistage Mach-Zehnder interferometer 
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type optical circuit with the configuration shown in 
Figs. 4 and 5, but also to the multistage Mach- Zehnder 
interferometer type optical circuit including the 
symmetrical Mach-Zehnder interferometers and 
5 asymmetrical Mach-Zehnder interferometers that are 
connected with arbitraray numbers in arbitrary sequence . 
For example, the present invention is applicable to the 
multistage Mach-Zehnder interferometer type optical 
circuit with the configuration shown in Fig. 7 or 8. 

10 Fig. 7 is a schematic diagram illustrating a 

configuration of a multistage Mach-Zehnder 
interferometer type optical circuit including 
consecutive three symmetrical Mach-Zehnder 
interferometers connected in cascade. The main points 

15 will be described below. As for the one-stage 

symmetrical Mach-Zehnder interferometer shown in Fig. 
4 or 5 , when the intensity-coupling ratios of the 
directional couplers placed at its both ends deviates 
from 50%, it is difficult to achieve an arbitrary 

20 intensity-coupling ratio in the range of 0-100% as the 
entire symmetrical Mach-Zehnder interferometer. In 
contrast with this, as for a three-stage symmetrical 
Mach-Zehnder interferometer 70 including three 
symmetrical Mach-Zehnder interferometers (71, 72 and 

25 73 ) connected in cascade as shown in Fig. 7, adjustment 
of the intensity-coupling ratios in the two symmetrical 
Mach-Zehnder interferometers (71, 73) at both ends at 
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50% accurately is easy. As a result, the whole 
three -cascaded symmetrical Mach- Zehnder 
interferometer 70 can easily implement an arbitrary 
intensity- coupling ratio in the range of 0-100%, thereby 
5 being able to implement the desired circuit 
characteristics with high accuracy easily. 

Fig. 8 is a schematic diagram illustrating a 
multistage Mach-Zehnder interferometer type optical 
circuit with a configuration in which symmetrical 

10 Mach-Zehnder interferometers are partially removed, 
and these portions (80 and 80 ') are replaced by 
directional couplers (81 and 81') with fixed 
intensity-coupling ratios. Fixing the 
intensity-coupling ratios of the directional couplers 

15 can facilitate the characteristic adjustment of the 
whole optical circuit , and reduce the size of the optical 
circuit. The configuration is particularly effective 
to implement the optical circuit characteristics with 
a limited range. 

20 It is obvious that the changes in the configurations 

of the multistage Mach-Zehnder interferometer type 
optical circuits as shown in Figs . 7 and 8 are not limited 
to the multistage structure or partial omission of the 
symmetrical Mach-Zehnder interferometers. Similar 

25 changes are also applicable to the configuration of the 
asymmetrical Mach-Zehnder interferometers . 

To rerify the effectiveness of the characteristics 
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adjustment method of the multistage Mach-Zehnder 
interferometer type optical circuit in accordance with 
the present invention, a multistage Mach-Zehnder 
interferometer type optical circuit without monitoring 
ports (circuit 1) was fabricated using a silica based 
glass optical waveguide technology, and its 
characteristic adjustment was carried out by applying 
the characteristic adjustment method in accordance with 
the present invention. In addition, as a reference of 
the characteristics comparison, a conventional 
multistage Mach-Zehnder interferometer type optical 
circuit withmonitoring ports (circuit 2 ) was fabricated 
using the silica based glass optical waveguide 
technology, and its characteristic adjustment was 
carried out by the conventional method using the 
monitoring ports. The two multistage Mach-Zehnder 
interferometer type optical circuits, both of which 
include seven symmetrical Mach-Zehnder (MZ) 
interferometers and six asymmetrical Mach-Zehnder (MZ) 
interferometers, were adjusted to realize a dispersion 
compensator function. 

Table 1 shows the summary of the parameter values 
and measured results of characteristics of the two 
optical circuits. The two optical circuits differ in 
the FSR values besides the presence or absence of the 
monitoring ports. However, the difference in the FSR 
values is only 4.133 mm in terms of the total optical 
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path length difference (circuit 2 > circuit 1) # which 
will not cause the optical loss difference in a low-loss 
silica-based optical waveguide (-0.01 dB/cm) . 

Comparison of the losses between the two optical 
5 circuits show that the conventional optical circuit 
(circuit 2) has the loss of 9.1 dB , whereas the optical 
circuit in accordance with the present invention 
(circuit 1) has the loss of 1.7dB, which means that the 
present circuit 1 has a much lower optical loss 

10 characteristic . As for the size of the optical circuits , 
the conventional optical circuit (circuit 2) has the 
dimensions of 69 x 85 mm 2 (5865mm 2 ) , whereas the optical 
circuit in accordance with the present invention 
(circuit 1) has the dimensions of 33 x 75mm 2 (2475mm 2 ) , 

15 which means that the size of the present optical circuit 
can be reduced to about 42% of the conventional one. 

Thus, it is clear that the present invention is 
effective for reducing the loss and size of the optical 
circuit. 

20 



25 
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TABLE 1 



optical 
circuit 


relative 
refractive 

index 
difference 
(%) 


Number of 

symmetrical 

MZ type 
interfero- 
meters 


Number of 

asymmetrical 
MZ type 
interfero- 
meters 


FSR 
(GHz ) 


size 
(mm 2 ) 


optical 
loss 

(dB) 


circuit 
1 


0 . 75 


7 


6 


100 


33x75 


1.7 


circuit 
2 


0 . 75 


7 


6 


75 


69x85 


9.1 



As described above, according to the present 
invention, the following steps are taken. First, the 
5 phase control conditions of the individual symmetrical 
Mach-Zehnder interferometers are obtained without the 
effect of the asymmetrical Mach-Zehnder 
interferometers by using the low coherence light. 
Second, the phase control conditions of the individual 

10 asymmetrical Mach-Zehnder interferometers are obtained 
under the control of the symmetrical Mach-Zehnder 
interferometer type optical circuits based on the phase 
control conditions obtained at the first step. Finally, 
the appropriate phase shift amounts of all the 

15 interferometers are set according to the phase control 
conditions of the symmetrical Mach-Zehnder 
interferometers and asymmetrical Mach-Zehnder 
interferometers . 

Thus, the monitoring ports (monitoring circuits) 
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can be eliminated, which can solve the problem of 
increasing the device size and optical signal loss. In 
addition, since the phase shift amounts can be set 
accurately, fabrication errors can be corrected easily. 
5 Furthermore, the phases of the complicated multistage 
Mach-Zehnder interferometer type optical circuit can 
be set precisely. 

The present invention has been described in detail 
with respect to preferred embodiments, and it will now 

10 be apparent from the foregoing to those skilled in the 
art that changes and modifications may be made without 
departing from the invention in its broader aspect, and 
it is the intention, therefore, in the apparent claims 
to cover all such changes and modif icatioas as fall 

15 within the true spirit of the invention. 
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